It is known that removal of the endosperm (deseeding) reduces subsequent auxin production in the oat coleoptile tip and the "regeneration of the physiological tip" (auxin production) in the decapitated coleoptile as determined by the For experiments on the effect of cytokinins on auxin secretion from coleoptile tips, the ethanol-carbowax solutions were applied to the tips either after 56 to 60 hr of growth or just 5 min before excision of the tips. For each treatment 36 2-mm tips were excised with a scalpel after 72 to 74 hr of growth and arranged basal end down on 0.1 5-ml agar platelets. Every hour for 5 hr each set of tips was transferred to a fresh platelet. Each platelet was then divided into 12 blocks for auxin assays by the A vena curvature test.
auxin which are secreted into agar blocks and assayed by the Avena curvature test (10) . This decrease in auxin production is associated with parallel decreases in growth rate and geotropic responses of the coleoptile. However, the capacity of the coleoptile to respond to unilaterally applied auxin (the curvature response) is increased in deseeded plants as compared with intact controls, mainly owing to an increase in the time of active bending. Van Overbeek (11) found that removal of the roots of the Avena seedling brought about a similar decrease in auxin production and an increase in the curvature response of the coleoptile to unilaterally applied auxin. Subsequently Went (13, 14) showed that, in tomatoes, shoot growth is dependent upon hormone-like substances supplied by the root. Mothes and co-workers (3, 8) For experiments on the effect of cytokinins on auxin secretion from coleoptile tips, the ethanol-carbowax solutions were applied to the tips either after 56 to 60 hr of growth or just 5 min before excision of the tips. For each treatment 36 2-mm tips were excised with a scalpel after 72 to 74 hr of growth and arranged basal end down on 0.1 5-ml agar platelets. Every hour for 5 hr each set of tips was transferred to a fresh platelet. Each platelet was then divided into 12 blocks for auxin assays by the A vena curvature test.
The assay was performed in the standard way (15) with uniform plants selected from the same batch of seedlings from which the experimental plants had been selected. During the assay the relative humidity in the Avena room was maintained near 88%. For quantitation of the response each assay included a standard series of IAA concentrations.
RESULTS
As illustrated by a typical experiment (Fig. 1 COLEOPTILE GROWTH AND AUXIN CYTOKININ auxin secretion by excised coleoptile tips. Figure 3A shows that tips treated with 15 mpmoles of 2iP immediately before excision secreted about 50% more auxin into agar blocks before becoming depleted than did control tips treated with the plain ethanol-carbowax solution.
Treated tips secreted about the same amount of auxin as control tips during the 1st hr of collection, but while control tips secreted less during each successive hour, treated tips actually secreted more during the 2nd hr and then declined at about the same rate as controls. In this experiment the control tips secreted no detectable auxin after the 3rd hr of collection, while tips treated with 2iP continued to secrete auxin during the 4th hr. Thus treatment with 2iP increases both the rate and the duration of auxin secretion from excised coleoptile tips. A comparison of Figures 3A and B reveals that similar results are obtained if the 2iP is applied to the tips 20 hr before excision, the differences in secretion between treated and control tips being slightly greater in this case than if the 2iP were applied immediately before excision. Triacanthine and 3-allyladenine applied to coleoptile tips did not result in prolongation of auxin secretion, while kinetin and BAP were definitely effective.
DISCUSSION
The observed restoration of growth rate in coleoptiles of derooted plants brought about by applied cytokinins suggests that coleoptile growth normally depends on a supply of cytokinins from the root. As the compounds tested, which, though chemically closely related to cytokinins, are not active as cytokinins in the callus assay (11) did not restore root-dependent coleoptile growth, this is probably a specific cytokinin effect. The fact that cytokinin is as effective when applied in aqueous solution to the base of seedlings as when applied to the coleoptile tips probably means that the cytokinins are transported to and act in the tips. This is in accordance with Schrank's (9) earlier observations. Secretion of auxin by excised coleoptile tips normally declines steadily with time. The observed increase in the amount of auxin secreted and prolongation of the period of secretion resulting from cytokinin application suggest that secretion normally may depend on a cytokinin supply which rapidly becomes limiting in the severed tips. In that case the effect of roots on auxin secretion by coleoptile tips which Van Overbeek (12) described and correlated with coleoptile growth appears to be due to cytokinins.
The observed increase in auxin secretion brought about by cytokinin application is probably due to increased auxin production in the tip. This would be in accord with our finding that tobacco callus tissue provided with high concentrations of cytokinin can synthesize auxin as well as thiamine (1, 2) . However, alternative or additional effects on rates of degradation or transport are not excluded. It is recognized that the origin of auxin in the coleoptile tip may differ from that in callus. The possibility that the increase is due to a cytokinin-directed accumulation of auxin precursors from the seed or other parts of the seedling (a Mothes effect) would seem practically precluded by experiments (Fig. 3A) in which the tips were excised within 5 min after the cytokinin was applied.
Application of cytokinin to coleoptiles of intact plants resulted in a repeatable though slight increase in elongation rate. Application of auxin (naphthaleneacetic acid, 1.5 or 15 m,umoles per plant) to either derooted or intact plants may have increased growth slightly but by no means restored coleoptile growth of derooted plants to the level of the intact controls. Thus, the growth-promoting effect of cytokinins in derooted plants is not accounted for merely in terms of an influence on auxin secretion. Nevertheless, it appears likely that cytokinins are involved in the regulatory function exerted by roots on the growth of coleoptiles in intact seedlings.
